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(54) OPTICAL COUPLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To connect an optical 
waveguide and an optical component easily with low 
connecting loss and with superior reproducibility. 
SOLUTION: An optical coupler is a device for optically 
connecting an optical waveguide 1, which is formed on a 
baseboard 3, to an optical component 37 with an angle 
formed with respect to the baseboard 3. The optical 
waveguide 1 is provided with a hole 1a with an angle 
formed with respect to the baseboard 3, while an optical 
waveguide unit 4 is installed attachably and detachably 
inside the hole 1 a. The optical waveguide unit 4 is 
formed for the purpose of optically connecting to the 
optical component 37 at one end, and is provided with at 
least one slant face 38 for converting an optical path at 
the other end. The optical waveguide unit 4 is inserted 
into the hole 1 a, takes a prescribed position with the 
slant face 38 or its proximity coming into contact with 
the bottom of the hole 1a, and connects optically to the 
optical waveguide 1 through the slant face 38. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The first optical waveguide which guides light in parallel with the substrate formed on the 
plane substrate, It is the optical coupling machine which combines optically the optic which 
accomplishes an include angle to said substrate, and emits for it light or receives light. The hole which 
has the base which accomplishes an include angle to a substrate to said first optical waveguide, and 
which was formed suitably [ it is pillar-shaped and ] is prepared, in this hole, the second optical 
waveguide unit prepares possible [ extraction and insertion ] - having — **** — this — the second 
optical waveguide unit Are formed in order to combine with said optic optically in an end, and in the 
other end, it has at least one slant face for optical-path conversion. The optical coupling machine 
characterized by carrying out the configuration arrangement so that the base of the suitable configuration 
of this hole is contacted, a position is taken, and this slant face or its near part may carry out optical-path 
conversion through this slant face and may combine with this first optical waveguide optically, when 
inserted into said hole. 

[Claim 2] The other end of said second optical waveguide unit is an optical coupling machine according 

to claim 1 currently formed in the shape of [ with two or more slant faces ] a multiple drill. 

[Claim 3] The base of the hole produced by said first optical waveguide is an optical coupling machine 

according to claim 2 currently formed in the shape of [ with two or more slant faces which embraced the 

configuration of the other end of said second optical waveguide unit ] a multiple drill. 

[Claim 4] It is the optical coupling machine according to claim 2 or 3 with which said first optical 

waveguide has an intersection, two or more formation is carried out, and said hole is formed in this 

intersection. 

[Claim 5] Said first optical waveguide is an optical coupling machine according to claim 4 currently 
formed so that it may be extended from said intersection corresponding to each slant face of the multiple 
drill of the other end of said second optical waveguide unit. 

[Claim 6] The other end of said second optical waveguide unit is an optical coupling machine according 
to claim 1 currently formed in the configuration with a singular slant face. 

[Claim 7] The base of the hole produced by said first optical waveguide is an optical coupling machine 
according to claim 6 currently formed in the configuration with the slant face of the unit according to the 
configuration of the other end of said second optical waveguide unit. 

[Claim 8] The other end of said second optical waveguide unit is an optical coupling machine according 
to claim 1 currently formed in the groove with two slant faces. 

[Claim 9] The base of the hole produced by said first optical waveguide is an optical coupling machine 
according to claim 8 currently formed in the shape of [ with two slant faces according to the 
configuration of the other end of said second optical waveguide unit ] a crest type. 
[Claim 10] The base of the hole produced by said first optical waveguide is an optical coupling machine 
according to claim 2, 6, or 8 currently formed in the plane. 

[Claim 1 1] An optical coupling machine given in claim 1 thru/or any of 10 they are. [ by which the 
mirror of a high reflection factor is formed in the slant face of the other end of said second optical 
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waveguide unit ] 

[Claim 12] Said mirror of a high reflection factor is an optical coupling machine according to claim 1 1 
currently formed by vapor-depositing or plating a metal or an alloy. 

[Claim 13] The slant face of the other end of said second optical waveguide unit is an optical coupling 
machine given in claim 1 thru/or any of 12 they are. [ which is formed so that the include angle of 45 
degrees may be accomplished to said plane substrate, when it is inserted into said hole and said position 
is taken ] 

[Claim 14] The configuration of the base of the hole formed in said first optical waveguide and the 
configuration of the other end of said second optical waveguide unit are an optical coupling machine 
given in claims 1, 3, 7, 9, and 1 1 thru/or any of 13 they are by being mutually put together and 
contacting. [ by which the configuration arrangement is carried out so that mutual optical waveguide 
may join together optically by self ally noodle ** ] 

[Claim 15] An optical coupling machine given in claim 1 thru/or any of 14 they are. [ which said optic 
has combined with the end of said second optical waveguide unit optically by physical contact ] 
[Claim 16] Said optic and said second optical waveguide unit are an optical coupling machine according 
to claim 15 optically combined through optical elements, such as a lens. 

[Claim 17] Said optic is an optical coupling machine according to claim 15 or 16 which receives [ which 
receives light, and the hole is established in said first optical waveguide at right angles to said substrate, 
and emits light to this substrate ] light perpendicularly. 

[Claim 18] Said optic is an optical coupling machine according to claim 17 which is the perpendicular 
resonator mold face luminescence laser which is the optical device which emits light in light 
perpendicularly to said substrate. 

[Claim 19] Said optic is an optical coupling machine according to claim 17 which is the photodiode 
which is the optical device which receives light perpendicularly to said substrate. 
[Claim 20] Said first optical waveguide and said second optical waveguide unit are an optical coupling 
machine given in claim 1 thru/or any of 19 they are, respectively. [ which two or more optical 
waveguides consist array-like of] 

[Claim 21] Two or more optical waveguides of the first optical waveguide of the shape of said array are 

optical coupling machines according to claim 20 currently formed on the same flat surface. 

[Claim 22] Two or more optical waveguides of the first optical waveguide of the shape of said array are 

optical coupling machines according to claim 20 currently formed on a different fiat surface. 

[Claim 23] Two or more optical waveguides of the second optical waveguide unit of the shape of said 

array are optical coupling machines according to claim 22 which are extended in different length 

according to the flat-surface level from which two or more optical waveguides of said first optical 

waveguide differ, and form the base. 

[Claim 24] Said optic is an optical coupling machine given in claim 20 thru/or any of 23 they are 
corresponding to two or more optical waveguides of the second optical waveguide unit of the shape of 
said array. [ which has become array-like ] 

[Claim 25] Said the second optical waveguide unit and said optic are an optical coupling machine given 
in claim 1 thru/or any of 24 they are. [ which is united and constitutes the photoelectron chip ] 
[Claim 26] An optical coupling machine given in claim 1 thru/or any of 25 they are. [ in which the fixed 
means for fixing the photoelectron chip containing said optic near said hole of said first optical 
waveguide unit is formed ] 

[Claim 27] It has the optical waveguide which guides light in parallel with the substrate formed on the 
plane substrate. Since the optical waveguide unit for combining optically the optic which accomplishes 
an include angle to this optical waveguide and said substrate, and emits for it light or receives light is 
inserted possible [ extraction and insertion ] The hole which has the base which accomplishes an include 
angle to a substrate, and which was formed suitably [ it is pillar-shaped and ] is established in said 
optical waveguide. By that cause When said optical waveguide unit which is formed in order to combine 
with said optic optically in an end, and has at least one slant face for optical-path conversion in the other 
end is inserted into said hole The optical waveguide substrate with which this slant face or its near part 
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contacts the base of the suitable configuration of this hole, and this optical waveguide unit takes a 
position, and is characterized by carrying out optical-path conversion through this slant face, and joining 
together optically at said optical waveguide. 

[Claim 28] It is the optical waveguide unit prepared possible [ extraction and insertion ] in said hole of 
an optical waveguide substrate according to claim 27. An end An include angle is accomplished to said 
substrate and light is optically combined with the optic which emits light or receives light. The other end 
When it has at least one slant face for optical-path conversion and is inserted into said hole, this slant 
face or its near part contacts the base of the suitable configuration of said hole, and takes a position. The 
optical waveguide unit characterized by carrying out the configuration arrangement so that optical-path 
conversion may be carried out through this slant face and it may combine with said optical waveguide 
optically. 

[Claim 29] The photoelectron chip with optical waveguide characterized by an optical waveguide unit 
and said optic according to claim 28 being united, and constituting the photoelectron chip. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical coupling machine which connects optically 
the optical device which carries out carrier luminescence perpendicularly to the optical waveguide and 
the substrate which were produced on the substrate, the optical waveguide structure which constitutes it. 
[0002] 

[Description of the Prior Art] The optical connection with the optical waveguide and optical devices, 
such as a laser diode and a photodiode, which were formed on the substrate has been an important 
technical problem as an optical interconnection prospers. Conventionally, although the optical 
waveguide prepared on the substrate and the optical device which performs carrier luminescence of 
laser, a photodetector, etc. are combined, said optical device was contacted to the end face of optical 
waveguide directly physically from a horizontal direction, or in between, it is making optical elements, 
such as a lens, intervene, and both were connected optically. 

[0003] Or although the optical waveguide prepared in the optical device which carries out carrier 
luminescence perpendicularly to a substrate, and the substrate is combined for example, like the optical- 
path sensing element indicated by JP, 10-300961, A Alignment of bending and said optical device is 
perpendicularly carried out to said optical path, or the method of obtaining both optical connection has 
been taken by preparing 45 -degree mirror in the optical waveguide prepared in the substrate, and making 
optical elements, such as a lens, an optical path intervene in between to a substrate. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional example, in 
order to make into max joint effectiveness between the optical device which performs carrier 
luminescence, and optical waveguide, precision needed to improve an optical device and optical 
waveguide alignment. Therefore, it is difficult to perform repeat desorption. Moreover, although it is 
easy to apply in an end face to the optical device of the type which carries out carrier luminescence, 
there is also a problem of being hard to apply in connection with the optical device of the type which 
carries out carrier luminescence except end faces, such as a surface emission-type laser, on structure. 
[0005] Moreover, since air intervenes between association with the optical device and optical waveguide 
which perform carrier luminescence as it is the case of said JP, 10-300961, A, connection loss will occur 
not a little by emission of light. 

[0006] The optical waveguide and the laser diode with which the purpose of invention concerning this 
application was formed on (1) substrate, A photoelectron chip with the optical coupling machine for 
connecting optics, such as optical devices, such as a photodiode, and other optical waveguides, simple 
by low connection loss, an optical waveguide substrate, an optical waveguide unit, and optical 
waveguide is offered, (2) A photoelectron chip with the optical coupling machine for repeating optical 
alignment with sufficient repeatability and performing it easily, an optical waveguide substrate, an 
optical waveguide unit, and optical waveguide is offered, (3) A photoelectron chip with the optical 
coupling machine for making high density assembly possible, an optical waveguide substrate, an optical 
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waveguide unit, and optical waveguide is offered, (4) It is offering a photoelectron chip with the optical 
coupling machine which can apply optical waveguide, the optical device which performs carrier 
luminescence to a high-speed information communication link etc. by using it in an array, an optical 
waveguide substrate, an optical waveguide unit, and optical waveguide. 
[0007] 

[Means for Solving the Problem] The optical coupling machine of this invention for attaining the above- 
mentioned purpose An include angle is accomplished to said substrate with the first optical waveguide 
which guides light in parallel with the substrate formed on the plane substrate (typically). It is the optical 
coupling machine which combines optically the optic which emits for it light or receives light 
perpendicularly. The hole which has the base which accomplishes an include angle to a substrate to said 
first optical waveguide, and which was formed suitably [ it is pillar-shaped and ] is prepared, in this 
hole, the second optical waveguide unit prepares possible [ extraction and insertion ] - having — **** - 
this - the second optical waveguide unit Are formed in order to combine with said optic optically in an 
end, and in the other end, it has at least one slant face for optical-path conversion. When inserted into 
said hole, it is characterized by carrying out the configuration arrangement so that the base of the 
suitable configuration of this hole is contacted, a position is taken, and this slant face or its near part may 
carry out optical-path conversion through this slant face and may combine with this first optical 
waveguide optically. 

[0008] Since said optic which took out and inserted said second optical waveguide unit in said hole, and 
was combined with the end of this unit through said slant face in this basic configuration, and said first 
optical waveguide are connected optically In low connection loss (when a high reflective mirror is 
formed in said slant face and the wall surface of said hole and the external surface of said second optical 
waveguide unit are formed especially sufficiently smoothly, it is ), simple, repeatability is good and 
optical coupling can be carried out repeatedly. 

[0009] Based on the above basic configuration, the following modes are possible. The other end of said 
second optical waveguide unit may be formed in the shape of [ with two or more slant faces ] a multiple 
drill. In this case, the base of the hole produced by said first optical waveguide may be formed in the 
shape of a multiple drill and a plane with two or more slant faces which embraced the configuration of 
the other end of said second optical waveguide unit. At the former, although production becomes 
troublesome a little, the optical coupling of the mutual optical waveguide can be carried out by self ally 
noodle ** by a configuration being mutually put together and contacting. Also in the case of the latter 
plane, if the cross section of a hole is a square shape, ally noodle ** of the optical waveguide mutual 
sufficiently stably can be carried out. 

[0010] Furthermore, in this case, said first optical waveguide has an intersection, two or more formation 
is carried out, and said hole can take the gestalt currently formed in this intersection. And said first 
optical waveguide may be formed so that it may be extended from said intersection corresponding to 
each slant face of the multiple drill of the other end of said second optical waveguide unit, in this way — 
many - branching of the optical coupling of the optical waveguide of pair 1 and the optical waveguide 
of one-pair ** is attained. 

[001 1] The other end of said second optical waveguide unit may be formed in a configuration with a 
singular slant face. In this case, the base of the hole produced by said first optical waveguide may be 
formed in a configuration and a plane with the slant face of the unit according to the configuration of the 
other end of said second optical waveguide unit. At the former, although production becomes 
troublesome a little, the optical coupling of the mutual optical waveguide can be carried out by self ally 
noodle ** by a configuration being mutually put together and contacting. Also in the case of the latter 
plane, if the cross section of a hole is a square shape, ally noodle ** of the optical waveguide mutual 
sufficiently stably can be carried out. 

[0012] The other end of said second optical waveguide unit may be formed in a groove with two slant 
faces. In this case, the base of the hole produced by said first optical waveguide may be formed in the 
shape of a crest type and a plane with two slant faces according to the configuration of the other end of 
said second optical waveguide unit. At the former, although production becomes troublesome a little, the 
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optical coupling of the mutual optical waveguide can be carried out by self ally noodle ** by a 
configuration being mutually put together and contacting. Also in the case of the latter plane, if the cross 
section of a hole is a square shape, ally noodle ** of the optical waveguide mutual sufficiently stably 
can be carried out. 

[0013] The mirror of a high reflection factor may be formed in the slant face of the other end of said 
second optical waveguide unit. If it carries out like this, still more efficient optical coupling can be 
attained to the appearance mentioned already. This mirror of a high reflection factor may be formed by 
vapor-depositing or plating a metal or an alloy. Although this mirror of a high reflection factor can be 
formed also in the slant face of the base of the hole produced by said first optical waveguide for this 
purpose, this is troublesome rather than it forms in the slant face of the other end of said second optical 
waveguide unit. 

[0014] When it is inserted into said hole and said position is taken, the slant face of the other end of said 
second optical waveguide unit may be formed so that the include angle of 45 degrees may be 
accomplished to said plane substrate. This gestalt is a gestalt taken typically, when carrying out optical 
coupling of said first optical waveguide and the second optical waveguide unit to the optical-path 
conversion which constitutes a right angle being by low connection loss. 

[0015] By being mutually put together preferably and contacting, the configuration arrangement of the 
configuration of the base of the hole formed in said first optical waveguide and the configuration of the 
other end of said second optical waveguide unit is carried out so that mutual optical waveguide may join 
together optically by self ally noodle **. 

[0016] Said optic can combine with the end of said second optical waveguide unit optically by physical 
contact. Thereby, the optical coupling of the further low connection loss can be attained. Said optic and 
said second optical waveguide unit can be optically combined through optical elements, such as a lens 
(especially micro lens of a thin film). 

[0017] The hole is established in said first optical waveguide at right angles to said substrate, and said 
optic can take the gestalt which emits for it light or receives light perpendicularly to this substrate. There 
are perpendicular resonator mold face luminescence laser which is the optical device which emits light 
in light perpendicularly to said substrate, a photodiode which is the optical device which receives light 
perpendicularly to said substrate in these optics. 

[0018] Said first optical waveguide and said second optical waveguide unit can take the gestalt which 
two or more optical waveguides consist array-like of, respectively. In this case, two or more optical 
waveguides of the first optical waveguide of the shape of said array are formed on the same flat surface, 
or are formed on a different flat surface. In the case of the latter, two or more optical waveguides of the 
second optical waveguide unit of the shape of said array can take the gestalt which is extended in 
different length according to the flat-surface level from which two or more optical waveguides of said 
first optical waveguide differ, and forms the base. Moreover, said optic can take the gestalt which has 
become array-like in this case corresponding to two or more optical waveguides of the second optical 
waveguide unit of the shape of said array. According to these gestalten, high density assembly and a 
high-speed information communication link are attained. 

[0019] Said the second optical waveguide unit and said optic are united, and can constitute a 
photoelectron chip. If it carries out like this, a photoelectron circuit can only consist of easily fitting a 
photoelectron chip over the place of the hole of said first optical waveguide. 

[0020] If the fixed means for fixing the photoelectron chip containing said optic near said hole of said 
first optical waveguide unit is established, an optic can be installed easily for the corresponding edge of 
said second optical waveguide unit, and certainly. 

[0021] Moreover, the optical waveguide substrate of this invention for attaining the above-mentioned 
purpose It has the optical waveguide which guides light in parallel with the substrate formed on the 
plane substrate. Since the optical waveguide unit for combining optically the optic which accomplishes 
an include angle to this optical waveguide and said substrate, and emits for it light or receives light is 
inserted possible [ extraction and insertion ] The hole which has the base which accomplishes an include 
angle to a substrate, and which was formed suitably [ it is pillar-shaped and ] is established in said 
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optical waveguide. By that cause When said optical waveguide unit which is formed in order to combine 
with said optic optically in an end, and has at least one slant face for optical-path conversion in the other 
end is inserted into said hole This slant face or its near part contacts the base of the suitable 
configuration of this hole, and this optical waveguide unit takes a position and is characterized by 
carrying out optical-path conversion through this slant face, and joining together optically at said optical 
waveguide. A more concrete gestalt which was described above can be taken also about this. 
[0022] Moreover, the optical waveguide unit of this invention for attaining the above-mentioned 
purpose It is the optical waveguide unit prepared possible [ extraction and insertion ] in said hole of the 
above-mentioned optical waveguide substrate. An end An include angle is accomplished to said 
substrate and light is optically combined with the optic which emits light or receives light. The other end 
When it has at least one slant face for optical-path conversion and is inserted into said hole, it is 
characterized by carrying out the configuration arrangement so that the base of the suitable configuration 
of said hole is contacted, a position is taken, and this slant face or its near part may carry out optical-path 
conversion through this slant face and may combine with said optical waveguide optically. A more 
concrete gestalt which was described above can be taken also about this. 

[0023] Moreover, the photoelectron chip with optical waveguide of this invention for attaining the 
above-mentioned purpose is characterized by the above-mentioned optical waveguide unit and said optic 
being united, and constituting the photoelectron chip. It can combine with the above-mentioned optical 
waveguide substrate by this, and a photoelectron circuit can simply and certainly be constituted. 
[0024] 

[Function] According to this invention, without needing special optical alignment, a high precision 
maintenance fixture, etc., repeatability is good and the optical device which accomplishes an include 
angle and carries out carrier (at right angles to type target) luminescence to the first optical waveguide 
produced on the substrate and said substrate can be repeatedly combined by low connection loss. 
Moreover, it can respond also to the optical coupling of the optical waveguide on the substrate in high 
density assembly, and optics, such as an optical device, and can apply to a high-speed information 
communication link etc. 
[0025] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention is explained in 
detail, referring to a drawing. 

[0026] (Example 1) The example 1 of this invention is explained in detail based on drawing 1 . In 
drawing 1 which is a sectional view in a field including the optical axis of optical waveguide, optical 
waveguide 1 has structure to which the cross section perpendicular to an optical axis formed the 
rectangle-like core 2, and covered the whole core 2 front face by the clad 21 on the clad 22 formed on 
the substrate 3, and the refractive index of a core 2 is set up so that it may become larger than the 
refractive index of clads 21 and 22. As an ingredient of a core 2 and clads 21 and 22, although the 
ingredient of textile glass yarn, such as GPS glass, Si02, polyimide, and PMMA, or a polymer system is 
used, it is not what was restricted to this. The cross-section size of a core 2 is about several 10 
micrometers. 

[0027] Hole l a of a form which is adjusted at the edge of the optical waveguide unit 4 is dug in the 
optical waveguide 1 produced on the substrate 3, and the optical waveguide unit 4 has come for 
repeatability to be able to improve optical coupling to the repeat optical waveguide 1 easily in self- 
alignment. Although the above-mentioned hole la is produced by etching, physical cutting, and laser 
radiation, an approach is not what was restricted to this. 

[0028] Moreover, although mirror polishing is physically carried out with diamond paste in order that 
perpendicular wall surface lb may acquire high connection effectiveness to the plane substrate 3 of hole 
la dug in optical waveguide 1, the polish approach is not what was restricted to this. Although a semi- 
conductor substrate, a glass substrate, an electric wiring substrate, etc. can be used for a substrate 3, it is 
not what was restricted to this. 

[0029] In the optical waveguide unit 4 which plays the role of an optical coupling machine, although the 
cross section of a core 3 1 can consider various forms, such as a rectangle and a circle, it is made into the 
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form where connection effectiveness with the core 2 of optical waveguide 1 becomes the best. The 
refractive index of a core 31 chooses an ingredient so that it may become larger than clads 32 and 33. 
Although the ingredient of textile glass yarn, such as GPS glass, Si02, polyimide, and PMMA, or a 
polymer system was used also as an ingredient of a core 31 and clads 32 and 33, an ingredient is not 
what was restricted to this. The size thru/or the path of a core 31 is several 10 micrometers like the core 
2 of optical waveguide 1. In this example, since the core 2 of optical waveguide 1 was made into the 
rectangle, if the core 31 of optical waveguide 2 is also made into an isomorphism-like rectangle, the 
effectiveness of both optical coupling will become good. 

[0030] The inclination end face 38 equipped with the micro mirror for optical-path conversion is 
produced by approaches, such as physical cutting, etching, etc. by the diamond cutter, by the near edge 
linked to the optical waveguide 1 of the optical waveguide unit 4. moreover, the inclination end face 38 - 
- the direction of a guided wave (optical axis) ~ receiving - the include angle of 45 degrees - having - 
**** — m ost - association — it is designed so that it can connect with optical waveguide 1 efficiently. 
Although metal membranes (Ag, aluminum, Pt, etc.), a multilayers mirror, etc. of a high reflection factor 
which were produced by vacuum deposition and electroless deposition can be used for the micro mirror 
with which the inclination end face 38 is equipped, the production approach is not what was restricted to 
this. 

[0031] Since the perpendicular configuration of hole la prepared in optical waveguide 1 corresponds in 
the shape of [ of the optical waveguide unit 4 ] an appearance, the optical waveguide unit 4 can combine 
it with optical waveguide 1 stably and certainly removable. For example, if the appearance of the optical 
waveguide unit 4 makes the end side of the square pole a slant face 45 degrees, hole la is also good to 
make it such a configuration. However, if the optical waveguide unit 4 can be certainly positioned to a 
position, hole la can have the shape of the square pole which does not form an inclination end face 45 
degrees. The depth of hole la is good to set [ with which the extension of the core 2 of optical 
waveguide 1 and the core 3 1 of the optical waveguide unit 4 lap almost extensively on the inclination 
end face 38 ] up like, when the optical waveguide unit 4 is stored in hole la. Moreover, about the optical 
waveguide unit 4, if the clad 21 of optical waveguide 1 can be made to bear the role of a clad of a core 
31, clads 32 and 33 can also be lost. In this case, it is necessary to smooth the wall surface of hole la 
enough. 

[0032] Coupling of the optical device 37 and the optical waveguide unit 4 which perform carrier 
luminescence can be optically carried out using optical elements, such as physical contact and a lens. 
Before connection of this optical device 37 and the optical waveguide unit 4 connects the optical 
waveguide unit 4 with optical waveguide 1, it may be performed, and after connecting the optical 
waveguide unit 4 with optical waveguide 1, it may be performed. 

[0033] As an optical device 37 which emits light, the perpendicular resonator mold face luminescence 
laser of a GaAs system is used. The wavelength of 0.85 micrometers, and this 5mA o'clock [ for 
example, ] output of inrush currents are the things of 10mw(s). This perpendicular resonator mold face 
luminescence laser is equipped with the multilayers mirror which consists of AlGaAs/AlAs of every 20 
layers of upper and lower sides, and the barrier layer has 3-fold quantum-well (3QW) structure of GaAs. 
Since the beam of perpendicular resonator mold face luminescence laser has the narrow outgoing 
radiation angle, even if it does not use especially optics, such as a lens, it is efficient and can be optically 
connected to the optical waveguide unit 4. There is a photodetector of Si system etc. as an optical device 
37 which receives light. As an optical device which performs carrier luminescence besides this, although 
end-face luminescence mold laser, a smart pixel, etc. can be used, it is not what was restricted to this. 
[0034] (Example 2) The example 2 of this invention is explained in detail based on drawin g 2 . In the 
sectional view of drawing 2 , a cross section forms the rectangle-like core 2 on the clad 22 formed on the 
substrate 3, optical waveguide 1 has structure which covered the whole core 2 front face by the clad 21, 
and the refractive index of a core 2 is set up so that it may become larger than clads 21 and 22. As an 
ingredient of a core 2 and clads 21 and 22, although the ingredient of textile glass yarn, such as GPS 
glass, Si02, polyimide, and PMMA, or a polymer system is used, it is not what was restricted to this. 
The size of a core 2 is about several 10 micrometers. These are the same as an example 1. 
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[0035] Hole lc which has the crest type heights of a form which is adjusted at the edge of the optical 
waveguide unit 5 at which the point was divided into the branch in a pars basilaris ossis occipitalis is 
dug in the produced optical waveguide 1 5 and the optical waveguide unit 5 can join now with sufficient 
repeatability together repeatedly easily in self-alignment. Even if there are no crest type heights of the 
pars basilaris ossis occipitalis of hole lc, the optical waveguide unit 5 is inserted into hole lc, and may 
be positioned stably. Although the above-mentioned hole lc is produced by etching, physical cutting, 
and laser radiation, an approach is not what was restricted to this. Moreover, although mirror polishing 
is physically carried out with diamond paste in order that a perpendicular wall surface may acquire high 
connection effectiveness to the substrate 3 of hole lc dug in optical waveguide 1, the polish approach is 
not what was restricted to this. Although a semi-conductor substrate, a glass substrate, an electric wiring 
substrate, etc. can be used for a substrate 3, it is not what was restricted to this. 

[0036] In the optical waveguide unit 5 which plays the role of an optical coupling machine, although the 
cross section of a core 34 can consider various forms, such as a rectangle and a circle, it is made into the 
form where connection effectiveness with the extension of the core 2 in the slant face or projection 
produced by the base of perpendicular hole lc established in optical waveguide 1 becomes the best. The 
refractive index of a core 34 chooses an ingredient so that it may become larger than clads 35 and 36. As 
an ingredient of a core 34 and clads 35 and 36, although the ingredient of textile glass yarn, such as GPS 
glass, Si02, polyimide, and PMMA, or a polymer system was used, an ingredient is not what was 
restricted to this. The size thru/or the path of a core 34 with which the point combined with the core 2 
prolonged in a longitudinal direction for improvement in the above-mentioned connection effectiveness 
was divided into the branch is about 2 times of the core 2 of optical waveguide 1. 
[0037] Two inclination end faces 39 equipped with the micro mirror for optical-path conversion are 
produced by approaches, such as physical cutting, etching, etc. by the diamond cutter, by the near 
branch edge linked to the optical waveguide 1 of the optical waveguide unit 5. the inclination end face 
39 - the direction of a guided wave - receiving - the include angle of 45 degrees - having --****-- 
most - association - it is designed so that it can connect with optical waveguide 1 efficiently. It is as the 
example 1 having also described the micro mirror with which the inclination end face 39 is equipped. 
[0038] Moreover, it is as the example 1 having also described the depth of hole lc, and the abbreviation 
possibility of clads 35 and 36. It is as the example 1 having also described the optical device 37 which 
performs carrier luminescence. 

[0039] (Example 3) The example 3 of this invention is explained in detail based on drawing 3 which 
shows the cross section and flat surface of structure. In drawing 3 , a cross section forms the rectangle- 
like core 2 on the clad 22 formed on the substrate 3, optical waveguide 1 has structure which covered the 
whole core 2 front face by the clad 21, and the refractive index of a core 2 is set up so that it may 
become larger than clads 21 and 22. As shown in drawing 3 (b), optical waveguide 1 has an intersection 
and is formed in the cross-joint mold. It is as the above-mentioned example having described the 
ingredient of a core 2 and clads 21 and 22. 

[0040] The size of a core 2 is about several 10 micrometers. Id of holes of a form which is adjusted at 
the edge of the optical waveguide unit 6 is dug in the produced optical waveguide 1, and the optical 
waveguide unit 6 can join now with sufficient repeatability together repeatedly easily in self- alignment. 
Since the square drill-like crevice with the inclination end face 40 of the point of the optical waveguide 
unit 6 is filled with an ingredient in the example of drawing 3 and the optical waveguide unit 6 has a 
square pole-like appearance, Id of holes also has the shape of the square pole corresponding to this. 
However, the square drill-like crevice of the point of the optical waveguide unit 6 remains as it is, and 
may be formed in the pars basilaris ossis occipitalis whose square drill-like heights are Id of holes. Or 
even if the square drill-like crevice of the point of the optical waveguide unit 6 remains as it is and Id of 
holes is the square pole-like, the optical waveguide unit 6 may be stably inserted into Id of holes. 
[0041] Although the Id of the above-mentioned holes is produced by etching, physical cutting, and laser 
radiation, an approach is not what was restricted to this. Moreover, although mirror polishing is 
physically carried out with diamond paste in order that a perpendicular wall surface may acquire high 
connection effectiveness to the substrate 3 of Id of holes dug in optical waveguide 1, the polish 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/26/2004 



Page 7 of 9 



approach is not what was restricted to this. Although a semi-conductor substrate, a glass substrate, an 
electric wiring substrate, etc. can be used for a substrate 3, it is not what was restricted to this. 
[0042] Moreover, although the cross section of the core 51 of the optical waveguide unit 6 serves as a 
square, it is not what was restricted to this. The refractive index of a core 51 is larger than a clad 52. It is 
as the above-mentioned example having also described the ingredient of a core 51 and a clad 52. 
[0043] The size of a core 51 is comparable as optical waveguide 1. in the near edge linked to the optical 
waveguide 1 of the optical waveguide unit 6, the inclination end face 40 equipped with the micro mirror 
for optical-path conversion produces by approaches, such as physical cutting, etching, etc. by the 
diamond cutter, - having --****— this inclination end face - the include angle of 45 degrees - having 
- optical waveguide 1 and the optical waveguide unit 6 - most — association — it connects efficiently — 
it is designed like. It is as the example 1 having also described the micro mirror with which the 
inclination end face 40 is equipped. 

[0044] In the example of drawing 3 , although the inclination end face 40 forms the forward square drill- 
like hole, one optical path is bundled in the direction of n, and it uses the hole of the shape of a square 
drill in drawing 3 as an n pyramid-like hole or should just make the projection produced by the base of 
Id of holes established in optical waveguide 1 an n pyramid-like thing to bundle the optical path of 
branching or the direction of n to one. 

[0045] Moreover, it is as the example 1 having also described the depth of Id of holes, and the 
abbreviation possibility of a clad 52. It is as the example 1 having also described the optical device 37 
which performs carrier luminescence. 

[0046] (Example 4) The optical waveguide substrate of the example 4 which has the optical waveguide 
1 produced on the substrate 3 like the above-mentioned example by drawing 4 is shown. This drawing 
(a) shows a top view and (b) shows the A-A sectional view of (a). 

[0047] Optical waveguide 1 is produced in the shape of an array, the polyimide which becomes a clad 
22 is applied with sufficient surface smoothness on a substrate 3, the refractive index after a final 
treatment applies photosensitive larger polyimide than a clad 22 etc. on this clad 22, a core 2 is produced 
by the FOTORISO process and etching, and the front face of this core 2 is produced by applying the 
clads 21, such as polyimide, to the wrap. Although two or more optical waveguides 1 are formed on the 
same flat surface in drawing 4 , it may be formed in different level to a substrate 3 at the multilayer. It is 
as the above-mentioned example having explained a core 2 and clads 21 and 22. 
[0048] The optical waveguide insertion openings 11,12, and 13 are formed in optical waveguide 1 by 
approaches, such as etching, physical cutting, and laser radiation, and in order that a perpendicular wall 
surface may realize low connection loss to the substrate 3, it is mirror plane finishing by physical polish. 
However, since reflection of light is not influenced directly, mirror plane finishing of the field which has 
the include angle of 45 degrees to the field of a substrate 3 does not have to be carried out. When formed 
in the level from which the core 2 of optical waveguide 1 differs to a substrate 3 at the multilayer, 
according to those cores 2, as for optical waveguide insertion opening, a base is formed in the shape of a 
stage. 

[0049] The optical waveguide of the optical waveguide units 4, 5, and 6 of the above-mentioned 
example or the below-mentioned example is inserted in these optical waveguide insertion openings 11, 
12, and 13 removable. 

[0050] (Example 5) Drawing 5 (a), (b), and (c) show the example which applied the optical coupling 
machine of this invention to the optical wiring circuit. Drawing 5 (a) is the perspective view of the 
optical whole wiring circuit, drawing 5 (b) is the perspective view of the photoelectron chip 41, and 
drawing 5 (c) is the B-B sectional view of drawing 5 (b). 

[0051] By this approach, the photoelectron chips 41, 42, and 43 are beforehand equipped with the core 
46 which guides light perpendicularly to the substrate 3 with optical waveguide 1, and the optical 
waveguide which consists of a clad 45. First, the optical waveguide 1 produced in drawing 4 on the 
substrate 3 and the same optical waveguide 1 are produced. It is as the ****** example having 
described to the core 2 of optical waveguide 1, and the ingredient of a clad 44 just. 
[0052] Two or more optical waveguide insertion openings 1 1 of a form which is adjusted at the optical 
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waveguide edge which consists of a core 46 and a clad 45 are dug in the produced optical waveguide 1, 
and the optical waveguide which consists of a core 46 and a clad 45 can join now with sufficient 
repeatability together repeatedly easily in self-alignment. Although the optical waveguide insertion 
opening 1 1 is produced by etching, physical cutting, and laser radiation, an approach is not what was 
restricted to this. Although mirror polishing is physically carried out with diamond paste in order that a 
perpendicular wall surface may acquire high connection effectiveness to the substrate 3 of the optical 
waveguide insertion opening 1 1 dug in optical waveguide 1, a mirror plane can also be made by etching 
by the TMMA solution etc., and it is not limited to this approach. 

[0053] The inclination end faces 56 and 57 equipped with the micro mirror for optical-path conversion 
are produced by approaches, such as physical cutting, etching, etc. by the diamond cutter, by the near 
edge linked to the optical waveguide 1 of the optical waveguide which consists of a core 46 and a clad 
45. an inclination end face - the include angle of 45 degrees - having — **** — most association - it 
is designed so that it can connect with optical waveguide 1 efficiently. The production approach of the 
micro mirror with which the inclination end faces 56 and 57 are equipped is as the above-mentioned 
example having described. 

[0054] Although the substrate with which electric wiring was given, a Si-LSI substrate, a glass substrate, 
etc. are used for a substrate 3, it is not what was restricted to this. With the photoelectron chips 41, 42, 
and 43, supply of power is received from the electric wiring formed on the electrode prepared on the 
substrate 3, or optical waveguide 1. Since light does not affect it mutually, the core 2 of optical 
waveguide 1 may be produced on the same flat surface, and may be produced on the multilayer flat 
surface. 

[0055] Drawing 5 (b) is the photoelectron chip 41 in drawing 5 (a), and the optical devices 150 and 151, 
Si-LSI48, etc. which perform carrier luminescence are carried in the package 49. The optical waveguide 
constituted by a clad 45 and the core 46 is perpendicularly extended from three sides of the 
photoelectron chip 41, and is being physically fixed to the package 49. It is as the above-mentioned 
example having described the ingredient of a core 46 and a clad 45 (although a core 46 can be seen in 
drawing 5 (b), it is in a clad 45 in fact, and is not visible). It is as the above-mentioned example having 
also described the optical devices 50 and 51 which perform carrier luminescence. 
[0056] Drawing 5 (c) is a B-B sectional view in drawing 5 (b), and in the package 49, Si-LSI48, the 
surface emission-type laser 150, the photodetector 151, etc. are loaded, and it has pasted up the optical 
device which performs carrier luminescence of a surface emission-type laser 150, a photodetector 151, 
etc. by the approach of a pewter, adhesives, etc. on Si-LSI48. However, the adhesion approach is not 
what was restricted to this. Moreover, although the optical device which performs carrier luminescence 
of the optical waveguide which consists of a clad 45 and a core 46, a surface emission-type laser 150, a 
photodetector 151, etc., etc. is optically connected by physical contact, optical elements, such as a lens, 
may be inserted between optical waveguide and the optical devices 150 and 151. 

[0057] Moreover, in order to obtain positive connection between the photoelectron chips 41, 42, and 43 
and optical waveguide 1, the photoelectron chips 41, 42, and 43 or optical waveguide 1 may be 
equipped with auxiliary fixtures (pin etc.). The example adapting such an optical coupling machine can 
be developed to the example which carries out high-speed clock supply to each photoelectron chip, 
CPU, memory, etc. 

[0058] (Example 6) Drawing 6 (a) and (b) show other examples which applied the optical coupling 
machine of this invention to the optical wiring circuit. By this approach, the optical waveguide 1 which 
guides light in parallel to a substrate 3 is combined and equipped with the optical waveguide unit 152 
which consists of the core 46 which guides light perpendicularly to a substrate 3 beforehand, and a clad 
45. 

[0059] First, the optical waveguide 1 produced in drawing 4 on the substrate 3 and the same optical 
waveguide 1 are produced. It is as the above-mentioned example having described the core 2 of optical 
waveguide 1, and the ingredient of a clad 44. The hole of a form which is adjusted at the edge of the 
optical waveguide unit 152 which consists of a core 46 and a clad 45 is dug in the produced optical 
waveguide 1, and the optical waveguide unit 152 which consists of a core 46 and a clad 45 can join now 
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together easily in self-alignment. It is as the above-mentioned example having described the production 
approach of the above-mentioned hole. 

[0060] Although the substrate with which electric wiring was given, a Si-LSI substrate, a glass substrate, 
etc. are used for a substrate 3, it is not what was restricted to this. The optical waveguide unit 152 which 
consists of a core 46 and a clad 45 is already inserted in the hole of optical waveguide 1. It is as the 
above-mentioned example having also described the core 46 of the optical waveguide unit 152, and the 
ingredient of a clad 45. It is as the above-mentioned example having described also whenever 
[ production approach / of the inclination end faces 56 and 57 equipped with the micro mirror for 
optical-path conversion of the optical waveguide unit 152 /, and tilt-angle ]. 

[0061] Although the photoelectron chip 153 carries out alignment, and installs or is installed using the 
guide and attachment with which optical waveguide 1 was equipped beforehand on the optical 
waveguide unit 152, an approach is not what was restricted to this. The photoelectron chip 153 receives 
supply of power from the electric wiring formed on the electrode prepared on the substrate 3, or optical 
waveguide 1. Since light does not affect it mutually, the core 2 of optical waveguide 1 may be produced 
on the same flat surface, and may be produced on the multilayer flat surface. 

[0062] Drawing 6 (b) is a B-B sectional view in drawing 6 (a), and in the package 54, Si-LSI48, the 
surface emission-type laser 150, the photodetector 151, etc. are loaded, and it has pasted up the optical 
device which performs carrier luminescence of a surface emission-type laser 150, a photodetector 151, 
etc. by the approach of a pewter, adhesives, etc. on Si-LSI48. However, the adhesion approach is not 
what was restricted to this. 

[0063] It is as the above-mentioned example having described the optical devices 150 and 151 which 
perform carrier luminescence. 

[0064] Although the optical device which performs carrier luminescence of the optical waveguide unit 
152 which consists of a clad 45 and a core 46, a surface emission-type laser 150, a photodetector 151, 
etc. is optically connected by physical contact, optical elements, such as a lens, may be inserted between 
the optical waveguide unit 152 and the optical device. Moreover, this optical element may be prepared 
for whichever by the side of the photoelectron chip 153 and the optical waveguide unit 152. 
[0065] 

[Effect of the Invention] the optical waveguide which guides light in parallel to the optical device etc. 
and substrate which will accomplish an include angle and will carry out carrier (typical - 
perpendicularly) luminescence to a substrate if a photoelectron chip with the optical coupling machine 
by this invention, an optical waveguide substrate, an optical waveguide unit, and optical waveguide is 
used as explained above - association - it is efficient, and is accurate simple repeatedly, and coupling 
can be carried out optically. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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